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$\xi$ . $\omega$ [Hz] . $\xi=2\pi\omega$ .
2.1
$g(t)\not\equiv 0$ $g(t),$ $tg(t),$ $\xi\hat{g}(\xi)\in L^{2}(\mathbb{R})$ .
, 5 . , .
$E[g]:= \Vert g||^{2}=\int_{\mathbb{R}}|g(t)|^{2}dt=\frac{1}{2\pi}E[\hat{g}]$ . (2.1)
$c[g]$ $\Delta[g]$









$[c[g]-\Delta[g],$ $c[g]+\Delta[g]]\cross[c[\hat{g}]-\Delta[\hat{g}],$ $c[\hat{g}]+\Delta[\hat{g}]]$ (2.6)
. $[c[g]-\Delta[g],$ $c[g]+\Delta[g]]$ , $[c[\hat{g}]-\Delta[\hat{g}],$ $c[\hat{g}]+$
$\Delta[\hat{g}]]$ .
$f(t)\in L^{2}(\mathbb{R})$ $g(t)$ $\langle f,$ $g\rangle$ , $f(t)$ (2.6)
. $g(t)$ ,
2 $\alpha,$ $\beta$ $g^{(\alpha,\beta)}(t)$ , $f(t)$ $g^{(\alpha,\beta)}(t)$
$\{f,$ $g^{(\alpha,\beta)}\rangle$ , .
2.2. $g(t)$ , ,
$\Delta[g]\cross\Delta[\hat{g}]\geq\frac{1}{2}$




$g(t)$ , $x\in \mathbb{R}$








(2.7) $f(t)$ $x$ $\overline{g(t-x)}$
$f(t)\overline{g(t-x)}$ $\xi=2\pi\omega$
. $V_{g}f(x, \xi)$ , $f(t)$
$[x+c[g]-\Delta[g],$ $x+c[g]+\Delta[g]]x[\xi+c[\hat{g}]-\Delta[\hat{g}],$ $\xi+c[\hat{g}]+\Delta[\hat{g}]]$
. ,
$x,$ $\xi$ $\Delta[g]$ . $\Delta[\hat{g}]$ . ,
$x+c[g][\sec]$ $\xi+c[\hat{g}][rad/\sec]$ .










. , 2 $[\cdots]$ $f(t)\overline{g(t-x)}$
, $2\pi f(s)\overline{g(s-x)}$ .
, .





$\psi(t)$ . $b\in \mathbb{R}$





$W_{\psi}f(b, a):=\langle f,$ $\psi^{(b,a)}\rangle=\frac{1}{\sqrt{|a|}}\int_{R}f(t)\overline{\psi(\frac{t-b}{a})}dt$ , $b,$ $a\in \mathbb{R},$ $a\neq 0$ (2.11)
.
$c[\psi>\Delta[\hat{\psi}]>0$ $a>0$ .
$W_{\psi}f(b, a)$ , $f(t)$
$[b+a(c[\psi]-\Delta[\psi]),$ $b+a(c[ \psi]+\Delta[\psi])]\cross[\frac{c[\hat{\psi}]-\Delta[\hat{\psi}]}{a},$ $\frac{c[\hat{\psi}]+\Delta[\hat{\psi}]}{a}]$
. ,
$a$ . $\uparrow a\Delta[\psi]$
$\Delta[\psi/a$ . $a>0$ ( $c[\psi/a$
$)$ , . , $a$ (
$c[\psi/a$ ) ,
. $|hb+ac[\psi][\sec]$ $c[\psi/a[rad/\sec]$
. , $\omega$ Hz , $2\pi\omega=c[\hat{\psi}]/a$
, $a=c[\psi/(2\pi\omega)$ .
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2.8. $f(t)$ $t[\sec]$ , $\omega$ $[$Hz$]$ $F^{\psi}(t, \omega)$
$F^{\psi}(t, \omega):=W_{\psi}f(t-\frac{c[\psi]c[\hat{\psi}]}{2\pi\omega}$ , $\frac{c[\hat{\psi}]}{2\pi\omega})$ (2.12)
.
2.9. $F^{\psi}(t,\omega)$ ,




$f(s)= \frac{1}{C_{\psi}}\int_{\mathbb{R}}\int_{\mathbb{R}}W_{\psi}f(b, a)\psi^{(b,a)}(s)\frac{dadb}{a^{2}}$ . (2.13)





. $b$ $b$ . $b$




. , $f(t)$ .
, .




, $a\in \mathbb{R}_{+}:=(0, \infty)$
. , ,
$f(s)= \frac{1}{C_{\psi}’}\int_{b\in R}\int_{a\in R_{+}}W_{\psi}f(b, a)\psi^{(b,a)}(s)\frac{dadb}{a^{2}}$





2.12. $f(t)\in L^{2}(\mathbb{R})$ , $\mathcal{A}f$
$Af(t):= \frac{1}{\pi}/R+\hat{f}(\xi)e^{it\xi}d\xi$ (2.14)
. , $\mathbb{R}_{+}:=(0, \infty)$ .
$f(t)$ $\hat{f}(\xi)$ ,
2 , $\mathcal{A}f$ . $f(t)$ , $f(t)=$
$\Re \mathcal{A}f(t)$ . , $z$ $\Re z$ .
2.13. $g(t)$ , $\mathcal{A}g\not\equiv O$
7(0) $=0$ .
214. $\psi(t)$ $\mathcal{A}\psi$ $\mathcal{A}\psi\not\equiv 0$ ,
$\mathcal{A}\psi$ .





215. $a\in \mathbb{R}+$ , $f(t)$
,
$\mathcal{A}(W_{\psi}f(\cdot,$ $a))=W_{\psi} \mathcal{A}f=W_{A\psi}f=\frac{1}{2}W_{A\psi}\mathcal{A}f$ $($2.15$)$
.
53
2.16. $a<0$ , $(W_{A\psi}\mathcal{A}f)(b, a)=0$
. , $f$ $\mathcal{A}f$
, $a\in \mathbb{R}_{+}$ . ,
$\mathcal{A}f(s)=\frac{1}{C_{A\psi}}\int_{b\mathbb{R}}=a\in \mathbb{R}+(W_{A\psi}\mathcal{A}f)(b, a)(\mathcal{A}\psi)^{(b,a)}(s)\frac{dadb}{a^{2}}$
$= \frac{2}{C_{A\psi}}\int_{b\in \mathbb{R}}\int_{a\in \mathbb{R}_{+}}(W_{A\psi}f)(b, a)(\mathcal{A}\psi)^{(b,a)}(s)\frac{dadb}{a^{2}}$.
$f(t)$ , $f=\Re \mathcal{A}f$ ,
$a\in \mathbb{R}_{+}$ .
, [3, 4] .
3
$N$ ( ) , $M$




, , 3 .
$s(t)=[s_{1}(t), s_{2}(t), \cdots, s_{N}(t)]^{T}$ , (3.1)
$x(t)=[x_{1}(t), x_{2}(t), \cdots, x_{M}(t)]^{T}$ (3.2)
. .
3.1








$t$ $MxN$ $A$ , $x(t)$
$s(t)$
$x(t)=As(t)$ (3.3)
. $A$ . ,
$A$ , ( )
. 6 .
3.3
$t$ $M\cross N$ $A(t)$ , $x(t)$ $s(t)$
$x(t)=A*s(t)=/-\infty\infty A(u)s(t-u)du$
,




$x_{j}(t)= \sum_{k=1}^{N}a_{j,k}s_{k}(t-c_{j,k})$ , $j=1,2,$ $\cdots,$ $M$ (3.4)
. $A=(a_{j,k})$ , $C=(c_{j,k})$ .







, 1953 Cherry [8]




Cherry [8] , 1953 , 5 ,
( ) “ ”
.
(a) The voices come from different directions.
(b) Lip-reading, gestures, and the like.
(c) Different speaking voices, mean pitches, mean speeds, male and female, and
so forth.
(d) Accents differing.





Cherry , 2 .
, Message 1 Message 2 . ,
(b), (c), (d) .






























Williams [26] 1986 ,
.
1991 Signal Processing 3 , Jutten-Herault [21], Comon-Jutten-
Herault [12], Sorouchyari [27] .
, 1988 .
,
1 3 , .
, Cichocki-Amari [10] .





, 2000 Jourjine-Rickard-Yilmaz [20] , $g$
g-disjoint orthogonality .
$p$




, g-disjoint orthogonality , $\ell\neq k$ , $E_{\ell}\cap E_{k}=\phi$
. , 2 .
, , $E_{\ell}$ $|S_{\ell}^{g}(t,\omega)|$
.
. 2 $x_{1}(t)= \sum a_{1,k}s_{k}(t),$ $x_{2}(t)= \sum a_{2_{2}k}s_{k}(t)$
. $(t, \omega)\in E_{\ell}$ ,
$Q_{2}^{g}(t, \omega)=\frac{X_{2}^{g}(t,\omega)}{X_{1}^{g}(t,\omega)}=\frac{\sum a_{2_{1}k}S_{k}^{g}(t,\omega)}{\sum a_{1,k}S_{k}^{g}(t,\omega)}=\frac{a_{2,\ell}S_{\ell}^{g}(t,\omega)}{a_{1,\ell}S_{\ell}^{g}(t,\omega)}=\frac{a_{2,\ell}}{a_{1_{2}\ell}}$
$\ell$ $a_{2_{i}\ell}/a_{1,\ell}$ . $a_{2,\ell}/a_{1,\ell}$
.
4.2. g-d oint orthogonality .
, .
1. $(t, \omega)$ , $Q_{2}^{g}(t,\omega)$
$N$ $(q_{\ell}, \ell=1,2, \cdots, N)$ . $N$
.
2. $\ell$ . $\tilde{E}_{\ell}=\{(t,\omega);Q_{2}^{g}(t,\omega)=q_{\ell}\}$ .
S. $\ell$ $\tilde{S}_{\ell}^{g}(t, \omega)$ ( )
.
$\tilde{S}_{\ell}^{g}(t,\omega)=\{\begin{array}{l}X_{1}^{g}(t,\omega), (t,\omega)\in\tilde{E}_{\ell},0, othert1\dot{m}e.\end{array}$
4. $\overline{S}_{\ell}^{g}(t, \omega)$ , $\tilde{S}\ell$ .
g-disjoint orthogonality , 2
.
,
, (Yilmaz-Rickard [28] ).
2000 , Balan-Rosca [7] g-disjoint orthogonality
. 2
.
, 1 , 6 4
.
( 4%) , 1 ,
( 80 %) 2 ,
( 16 %) . g-disjoint
58
Active regions with analytic wavelet
$[\sec]$
1: , : , : .
6 4 , $(7.4 [\sec])$ $(4 [\sec]$ $4.5 [\sec])$ . :
(4%), :2 (80%), : (16%).
orthogonality , 1 $0$ ,
.
2002 , Napoletani-Berenstein-Krishnaprasad [24] , 1
,
. , ,
. 2005 , Napoletani-Berenstein-Krishnaprasad-Struppa [25]
, .
, Napoletani Berenstein , ,
[2, 14].








( 1 ) .
, % ,
$f(t)$ $\psi_{\ell}(t)$
$F^{\psi_{p}}(t,\omega)$ . , 1
Ausher , Ausher
(





. , [30, 31, 2, 14] $\psi(t)=$









, 2 , 3 $\theta(t)\geq 0$ .
1. $\theta(t)$ .
2. $\theta(t)=0,$ $(\theta\leq 0)$ , $\theta(t)=1,$ $(\theta\geq 1)$ .
3. (1/2, 1/2) , , $\theta(t)+\theta(1-t)=1$ .
5.1. , ,
$\theta(t)=\frac{\int_{0}^{l}x^{2}(1-x)^{2}dx}{\int_{0}^{1}x^{2}(1-x)^{2}dx}=6t^{5}-15t^{4}+10t^{3}$ , $0\leq t\leq 1$
, 2 3 $\theta(t)$ .
60
2: $\theta(t)$ Ausher $|\hat{\psi}(\xi)|^{2}$ .
, $K>0$ .
, $K=10$ . $\alpha=(K+1)/K>1$ . 2 ,
$(K+1)\pi=\alpha K\pi,$ $B=\alpha A,$ $C=\alpha B,$ $(A+B)/2=K\pi,$ $(B+C)/2=(K+1)\pi$
$A,$ $B,$ $C$ . ,
$A= \frac{2\pi K^{2}}{2K+1}$ , $B= \frac{2\pi K(K+1)}{2K+1}$ , $C= \frac{2\pi(K+1)^{2}}{2K+1}$ .
, $\psi(t)$ $\hat{\psi}(\xi)$
$\hat{\psi}(\xi)=\{\begin{array}{l}0, \xi\leq A,2 e^{-i\xi/(2K)}\sin(\frac{\pi}{2}\theta(\frac{\epsilon-A}{B-A})), A\leq\xi\leq B,2 e^{-i\xi/(2K)}\cos(\frac{\pi}{2}\theta(\frac{\xi-B}{C-B})), B\leq\xi\leq C,0, C\leq\xi\end{array}$
. $\Re\psi(t)$ ,
$\{\dot{d}^{/2}\Re\psi(\dot{d}t-k)$ ; $j,$ $k\in Z\}$
$L^{2}(\mathbb{R})$ , Ausher
. $K=1$ Meyer
. $K=1,4$ ( ) 3






3: Ausher $\psi(t),$ $K=1,4$ .
1: $K>0$ Ausher .
[Hz] . $B= \frac{K(K+1)}{2K+1}$ [Hz] $|\hat{\psi}|$ .
62
6








$N=4$ , $M=5$ .
$s(t)$ $x(t)$
$s(t)=[s_{1}(t), s_{2}(t), \cdots, s_{N}(t)]^{T}$ , $x(t)=[x_{1}(t), x_{2}(t), \cdots, x_{M}(t)]^{T}$
. $s(t)$ $x(t)$ ,
$x(t)=As(t)$ ,
$x_{j}(t)= \sum_{k=1}^{N}a_{j,k}s_{k}(t)$ , $j=1,2,$ $\cdots,$ $M$ (6.1)




1 $\tilde{A}$ . $\tilde{A}$
4 1 , 4 .
. [1] 2 4
. $fi=44100$ [Hz] 1/5
. 4 .
$f_{0}=8820$ [Hz] 7.4 $[\sec]$ $(2^{16}$ $)$ .
[32] , .
63
2: , $f_{0}=8820$ [Hz], $fi=44100$ [Hz].
4: 1: , 7.4 $[\sec]$ $s$ $x$ .
6.2
(6.1)
. , $t[\sec]$ . $\omega$ [Hz]
$S_{k}(t, \omega)$ $X_{j}(t, \omega)$ ,
$X_{j}(t, \omega)=\sum_{k=1}^{N}a_{j,k}S_{k}(t, \omega)$ , $j=1,2,$ $\cdots$ , $M$
. , .
$Q_{j}(t, \omega):=\frac{X_{j}(t,\omega)}{X_{1}(t,\omega)}=\frac{\sum_{k=1}^{N}a_{j)k}S_{k}(t)\omega)}{\sum_{k=1}^{N}a_{1,k}S_{k}(t,\omega)}\in \mathbb{C}$ , $j=2,$ $\cdots,$ M. (6.2)
$E_{k}$ $k$ .
$E_{k}$ $:=\{(t,\omega);S_{k}(t, \omega)\neq 0, S_{\ell}(t, \omega)=0, (\ell\neq k)\}$ .
, $|S_{k}(t,\omega)|$ $|S_{\ell}(t, \omega)|$ $E_{k}$
. $(t, \omega)\in E_{k}$ ,
$Q_{j}(t, \omega)=\frac{\sum_{k=1}^{N}a_{j,k}S_{k}(t,\omega)}{\sum_{k=1}^{N}a_{1,k}S_{k}(t,\omega)}=\frac{a_{j,k}S_{k}(t,\omega)}{a_{1,k}S_{k}(t,\omega)}=\frac{a_{j,k}}{a_{1,k}}\in \mathbb{R}$
64
5: 1: $H_{j}(x)=\#\{(t, \omega);Q_{j}(t, \omega)=x\}$
. $Q_{j}(t, \omega)$ , $a_{j,k}/ai_{k}$
. $E_{k}$ ? $Q_{j}(t, \omega)$
, $a_{j,k}/ai_{k}$ .
.
6.1 ( ). , $Q_{j}(t,\omega),$ $i=$
$2,$ $\cdots,$ $M$ , .
1. $x$ , $\grave\grave$ $x$ .
$H_{j}(x):=\#\{(t,\omega);Q_{j}(t,\omega)=x\}$ .
2. $x$ , $H_{j}(x)$ , .
3. $H_{j}(x)$ , $N$ .
4. $H_{j}(x)$ $x$ $j=2$ $b_{2_{t}k}$ $i\geq$
$3$ $\tilde{b}_{j,\tilde{k}}$ .
65
3: 1: , $H_{j}(x)$ .
6.2. 6.1 .
1. , $Q_{j}(t, \omega)$ , $|\Im Q_{j}(t, \omega)|$ $|Q_{j}(t, \omega)|$
$(t, \omega)$ , $\Re Q_{j}(t,\omega)$
$x-\epsilon/2$ $x+\epsilon/2$ $(t, \omega)$ . , $\epsilon$
bin size .
2. $j\geq 3$ $\tilde{b}_{j,\tilde{k}}$ ( )
, 63 . $j=2$ $b_{2,k}$
, $b_{2,k}$ $j\geq 3$
.
1 , $j=2,$ $\cdots,$ $M$ , $H_{j}(x)$ 5
. 4 , $N=4$ . 5
$H_{4}(x)$ , 3 ,
$\overline{A}$ $j=4$ 1 , 4
. $j=2,$ $\cdots,$ $M$ $H_{j}(x)$ $x=b_{2,k}$ ,
$b_{j,\overline{k}}$ $\#(t,\omega)$ , 3 .
6 . 5 $Q_{j}(t, \omega)$
, $Q_{j}(t,\omega)$
, 6 . 6
, Ausher $K=10$ .






63( ). $Q_{2}(t, \omega)$ $H_{2}(x)$
$Q_{j}(t, \omega),$ $j\geq 3$ $H_{j}(x)$
.
1. $H_{2}(x)$ $k$ $b_{2,k}$ $(t, \omega)$ 1000 .
$Y_{k}:=\{(t,$ $\omega);Q_{2}(t,$ $\omega)=b_{2,k}$ , 1000 $\}$ .
2. $j\geq 3$ $Q_{j}(t, \omega)$ $(t,\omega)\in Y_{k}$ .
$\#\{(t,\omega)\in Y_{k};Q_{j}(t,\omega)=\tilde{b}_{j,\overline{k}}\}$ .
3. $\tilde{b}_{J,\overline{k}}$ $b_{j,k}$ .
4. $B=(b_{j,k})$ . , $B$ 1 1 .
63 $H_{2}(x)$ $H_{j}(x),$ $j\geq 3$
4 . ,
63 2. . $b_{2,4}$ , $\tilde{b}_{3,\Sigma},\tilde{b}_{4,\tilde{2}},\overline{b}_{5,\overline{4}}$
. 4 .
3 $H_{4}$ ? $b_{2,1}$ $b_{2,2}$ $H_{4}$ $\tilde{b}_{4,\overline{1}}$
.
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4: 1: , .
7: 1: $\tilde{s}$ $s$ .
$B$ . $\tilde{A}$ .
$B=$
$B$ 1, 2, 3, 4 , $\tilde{A}$ 1,




5: 1: . ESS , SS .
$B$ . $\tilde{s}_{k}$
7 5 . , ,
$\tilde{s}_{k}(t)$ $s_{n(k)}(t)$ $\ell^{p},$ $p=$ oo, 1, 2 1
, . , ,
$\Vert\frac{\tilde{s}_{k}}{\Vert\tilde{s}_{k}\Vert_{\ell p}}-\frac{s_{n(k)}}{\Vert s_{n(k)}\Vert_{\ell p}}\Vert_{\ell p}x$ 100%, $p=\infty,$ $1,2$
. SNR
$20 \log_{10}(\Vert\frac{\tilde{s}_{k}}{\Vert\overline{s}_{k}\Vert_{\ell^{2}}}-\frac{s_{n(k)}}{\Vert s_{n(k)}\Vert_{\ell^{2}}}\Vert_{\ell^{2}})$
. , $k$ , $n(k)$ .
6.3
Cichocki-Amari [10] [33] , ICALAB MAT-
LAB .
, , 1
. 1 5 4 .
,
5 . ICALAB ,




. $B_{1}$ 1, 2, 3, 4 , $\tilde{A}$ 1, 4, 3, 2
. , , $B_{1}$ , $B_{1}$
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8: 1 :ICALAB $\tilde{s}$ $s$ .
6: 1 :ICALAB . ESS , SS .
, $B_{1}$ .
8 . , 6 . ICALAB
. ,
, ,
. ICALAB , 1 $[\sec]$ ,
. , , 280 $[\sec]$ .
7
, [3, 4]
















9 $N=4$ $M=5$ .
$P_{x_{j}}$ $P_{s}$, ,
$P_{x_{1}}=(0,0),$ $P_{x2}=(-3,3),$ $P_{xs}=(-2.5, -1),$ $P_{x4}=(1, -3),$ $P_{x_{6}}=(3.5,1.5)$ ,
$P_{s_{1}}=(0,$ $-1),$ $P_{s_{2}}=(2,1),$ $P_{ss}=(-1,2),$ $P_{s}4=(-2,0.5)$ .
$V=330[m/\sec]$ ,
. ,
$x_{j}(t)= \sum_{k=1}^{N}a_{j,k}s_{k}(t-c_{j,k})$ , $j=1,2,$ $\cdots,$ $M$ (7.1)
. , $j$ P. $k$
$P_{s_{k}}$ $r_{j,k}=\Vert P_{x_{j}}-P_{s_{k}}||$ , $a_{j,k}=1/rc=r_{j,k}/V$
. $A=(a_{j,k})$ , $C=(c_{j,k})$ .





10: 2 : 7.4 $[\sec]$ $s$ $x$ .
. , $f_{0}=8820$ [Hz] .
$C\in \mathbb{R}^{MxN}$ $C$ 1 $\overline{C}$ ,
$C= \frac{1}{f_{0}}(\begin{array}{llll}27 60 60 55134 144 60 7267 l32 90 4260 110 144 123l15 42 121 l49\end{array})$ , $\overline{C}=\frac{1}{f_{0}}(\begin{array}{llll}0 0 0 0107 84 0 1740 72 30 -1333 50 84 6888 -l8 6l 94\end{array})$
. , $\tilde{A}$
$\tilde{C}$ . 1 2 ,
(7.1) . , 10 .




$X_{j}(t, \omega)$ $S_{k}(t, \omega)$ ,
$X_{j}(t, \omega)=\sum_{k=1}^{N}a_{j,k}S_{k}(t-c_{j,k}, \omega)$ , $j=1,2,$ $\cdots$ , $M$. (7.2)
7.1. (7.1) ,





$Q_{j}( \delta, t,\omega):=\frac{X_{j}(t+\delta,\omega)}{X_{1}(t,\omega)}\in \mathbb{C}$ , $j=2,$ $\cdots,$ $M$. (7.3)
$C$ , $s_{k}$
$E_{C,k}$ $:=\{(t,\omega);S_{k}(t-c_{j,k},$ $\omega)\neq 0,$ $S_{l}(t-c_{j,l},\omega)=0$ for $\forall l\neq k,$ $\forall j\}$
. , $(t,\omega)\in E_{C,k},$ $\delta=ci,k-c_{1,k}=\tilde{c}_{j,k}$ ,
$Q_{j}(\delta\}t, \omega)$ ,
$Q_{j}( \delta, t,\omega)=\frac{X_{j}(t+\delta,\omega)}{X_{1}(t,\omega)}=\frac{\sum_{k=1}^{n}a_{j,k}S_{k}(t+\delta-c_{j,k},\omega)}{\sum_{k=1}^{n}a_{1,k}S_{k}(t-c_{1_{t}k},\omega)}$
$= \frac{a_{j,k}S_{k}(t-c_{1,k},\omega)}{a_{1,k}S_{k}(t-c_{1,k},\omega)}=\frac{a_{j,k}}{a_{1,k}}\in \mathbb{R}$ (7.4)
$a_{j_{t}k}/a_{1,k}$ . $\tilde{A}$ $(j, k)$
. , $E_{C,k}$ 72
, $\tilde{c}_{j,k}$ $a_{j,k}/ai_{k}$ .
7.2 ( 3 $D$ ). , $Q_{j},$ $j=2,$ $\cdots,$ $M$
3 $D$ , .
1. $\delta$ $x$ , $Q_{j}(\delta, t, \omega)$ $x$
.
$H_{j}(\delta, x):=\#\{(t,\omega);Q_{j}(\delta, t,\omega)=x\}$ .
2. $\delta-x$ $H_{j}(\delta, x)$ , 3 $D$ .
3. $H_{j}(\delta, x)$ $N$ .






7.3. $j=2$ $\delta_{2,k}$ $b_{2,k}$ $\sim$ .
2 . 72 , $Q_{j}$ 3 $D$ $H_{j}(\delta, x)$
11 . $j=2,$ $\cdots M$) , 4
, $N=4$ . $j$ ,
$k=1,$ $\cdots,$ $4,\tilde{k}=\tilde{1},$ $\cdots,\tilde{4}$ , $\overline{\delta}_{j,\tilde{k}}$
$\tilde{b}_{J,\overline{k}}=a_{J,\overline{k}}/a_{1,\tilde{k}}$ , 7 . , $\delta$
$1/f_{0}=1/8820[\sec]$ .




11: 2:3 $D$ $H_{j}(\delta, x)=\#\{(t, \omega);Q_{j}(\delta, t, \omega)=x\}$.
74( ). . 3 $D$
$H_{j}(\delta, x),$ $j=2,$ $\cdots,$ $M$ , .
1. $H_{2}(\delta, x)$ $k$ , $(t, \omega)$ 1000 .
$Y_{k}:=\{(t,$ $\omega);Q_{2}(\delta_{2,k},$ $t,\omega)=b_{2,k}$ , 1000 $\}$ .
2. $j\geq 3$ $Q_{j}(\tilde{\delta}_{j,\tilde{k}}, t,\omega)$ $(t,\omega)\in Y_{k}$ .
$\#\{(t,\omega)\in Y_{k};Q_{j}(\tilde{\delta}_{j,\tilde{k}},t,\omega)=\tilde{b}_{j,\tilde{k}}\}$ .
S. $\tilde{\delta}_{j,\overline{k}}$ $\delta_{j,k}$ $\tilde{b}_{j,\tilde{k}}$ $b_{j,k}$ .
4. $\Delta=(\delta_{j,k})$ $B=(b_{j,k})$ . , $\Delta$ 1
$0,$ $B$ 1 1 .
74
7: 2: , 3 $D$ .
8: 2: , .
2 , 7.4 , , 8
. , 2. . , $H_{2}$
3 , $H_{3},$ $H_{4},$ $H_{5}$ 4 .
, $\Delta$ $\tilde{C}$ ,
$\Delta=\frac{1}{f_{0}}(\begin{array}{llll}0 0 0 0107 17 0 8440 -13 30 7233 68 84 5088 94 61 -18\end{array})$ , $\tilde{C}=\frac{1}{f_{0}}(\begin{array}{llll}0 0 0 0l07 84 0 1740 72 30 -1333 50 84 6888 -18 6l 94\end{array})$
75
. $\Delta$ 1, 2, 3, 4 , $\tilde{C}$ 1, 4, 3, 2 .
. $B$ ,
$B=$
. $B$ 1, 2, 3, 4 , $\tilde{A}$ 1, 4, 3, 2 . ,
2 . 3 $D$ ,
.
7.3
$k$ ( $P_{\overline{\epsilon}_{k}}$ ) , 1 $P_{x_{1}}$ $i$
$P_{x_{j}}$ $\delta_{j,k}$ . $\delta_{j,k}$ $\tilde{c}_{j,k}=$
$c_{1,k}-c_{j,k}$ . , $P_{\tilde{s}}k$ $P_{x_{1}}$ $P_{x_{j}}$




$P_{\tilde{s}_{1}}=(0.0058, -0.9988)$ , $P_{\tilde{s}_{2}}=(-1.9821,0.5032)$ ,
$P_{\overline{s}}3=$ $(-0.9911, 19991)$ , $P_{\tilde{s}}4=(2.0106$ , 10007$)$
, 12 . 9
, 2 .
$P_{\tilde{s}_{k}}$ 1 $P_{x_{1}}=(0,0)$ ,
$V$ , 1 $c_{1,k}$ $d_{1,k}$ .
, $d_{1,k}$ $1/f_{0}[\sec]$ .
$d_{1,k}$ , $D=(d_{j,k}),$ $d_{j,k}=d_{1,k}+\delta_{j,k}$ ,
$C$ .
$D=-$$f_{0}1(\begin{array}{llll}27 55 60 60l34 72 60 14467 42 90 13260 l23 l44 110ll5 149 12l 42\end{array})$ , $C= \frac{1}{f_{0}}(\begin{array}{llll}27 60 60 55134 144 60 7267 132 90 4260 110 144 1231l5 42 121 l49\end{array})$ .
, , .
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Estimations of source positions
$- \underline{4}\frac{\ovalbox{\tt\small REJECT}^{x_{X_{2}}}x_{X_{3^{\tilde{S}_{2}}}}.\cdot\cdot\tilde{s}_{3}x_{X_{1}}s_{1}x_{X_{4}}\tilde{s}_{4}x_{X}}{4-2024}-20^{5}24.\cdot$
12: 2: $P_{\overline{\epsilon}_{k}}$ $\tilde{s}$ .
7.4
$\tilde{A}$ $\tilde{C}$ $B=(b_{j,k})$
$\Delta=(\delta_{j,k})$ , (7.1) ,
$x_{j}(t)= \sum_{k=1}^{N}b_{j,k}\sigma_{k}(t-\delta_{j,k})$ , $j=1,2,$ $\cdots,$ $M$ (7.5)
. (7.5) $\sigma_{k}(t)$ . ,
$s_{k}(t)$ , $\tilde{s}_{k}=\sigma_{k}(t+d_{1,k})$ .
(7.5) ,
$\hat{x}_{j}(\xi)=\sum_{k=1}^{N}b_{j,k}e^{-i\delta_{j,k}\xi}\hat{\sigma}_{k}(\xi)$ , $j=1,2,$ $\cdots,$ $M$ (7.6)
. . $M\cross N$ $B_{1}(\xi)$ $(B_{1}(\xi))_{j_{1}k}=b_{j,k}e^{-i\delta_{j,k}\xi}$
. $x(t)$ $M$ $\hat{x}(\xi)$ $\hat{\sigma}_{k}(\xi)$
$N$ $\hat{\sigma}(\xi)$
$\hat{x}(\xi)=[\hat{x}_{1}(\xi),\hat{x}_{2}(\xi), \cdots,\hat{x}_{M}(\zeta)]^{T}$, $\hat{\sigma}(\xi)=[\hat{\sigma}_{1}(\xi),\hat{\sigma}_{2}(\xi), \cdots,\hat{\sigma}_{N}(\xi)]^{T}$
, (7.6) ,
$\hat{x}(\xi)=B_{1}(\xi)\hat{\sigma}(\xi)$
. $M\geq N$ , $B_{1}(\xi)$ , $\hat{\sigma}(\xi)$
. , $\sigma_{k}(t)$ . , $\tilde{s}_{k}=\sigma_{k}(t+d_{1_{l}k})$
. 12 , 9 . 2
, 2 .
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9: 2: . ESS , SS .
8
7 ,
$1/f_{0}[\sec]$ . , $f_{0}=8820$ [Hz]
.
. , 11 3 $D$
$H_{j}(\delta, x)$ $\delta$ . $\delta$
$1/f_{0}[\sec]$ , 3 $D$ $H_{j}(\delta, x)$ , $\delta$ $1/f_{0}$
, $0$ ( , $x$ ).
, $fi=44100$ [Hz] ,
9 , $fi$




, 7 9 .
. $i$ $k$
$r_{j,k}$ , $A$ $(j$ , , $r_{j,k}$
$a_{j,k}=1/r_{j,k}$ , . , $V$ ,
$r_{j,k}/V$ $1/f_{0}[\sec]$ .
, $f_{0}=8820$ [Hz] $f_{i}=44100$ [Hz]
, $C$ 1 $\tilde{C}$ ,
$C=-$$f_{1}1(\begin{array}{llll}134 299 299 275668 720 299 360334 658 448 211299 551 720 616575 211 605 747\end{array})$ , $\tilde{C}=\frac{1}{f_{1}}(\begin{array}{llll}0 0 0 0534 42l 0 85200 359 149 -64l65 252 42l 34144l -88 306 472\end{array})$
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13: 3: $fi$ $s$ $x$ .
. , $fi$ $s_{k}[n],$ $k=1,$ $\cdots,$ $N$
$fi$ $\tilde{x}_{j}[n],$ $j=1,$ $\cdots,$ $M$ .
$\tilde{x}_{j}[n]=\sum_{k=1}^{N}a_{j,k}s_{k}[n-f_{1}xc_{j,k}]$ , $j=1,$ $\cdots,$ $M$.
, $N=4$, $M=5$ , $fi\cross c_{j,k}$ $C$
$(j, k)$ $fi$ , .
, $fi$ $\tilde{x}_{j}[n],$ $j=1,$ $\cdots,$ $M$
, 1/5 ,
$f_{0}=8820$ [Hz] $x_{j}[n],$ $j=1,$ $\cdots$ , $M$ . 13
$fi$ $s(t)$ $x(t)$
. , .
, . $\delta$ , $1/f_{0}[\sec]$




$(\begin{array}{llll}26.8 59.8 59.8 55.0133.6 144.0 59.8 72.066.8 131.6 89.6 42.259.8 110.2 144.0 l23.2115.0 42.2 121.0 149.4\end{array})$ , $\tilde{C}=\frac{1}{f_{0}}(\begin{array}{llll}0.0 0.0 0.0 0.0106.8 84.2 0.0 17.040.0 71.8 29.8 -12.833.0 50.4 84.2 68.288.2 -17.6 61.2 94.4\end{array})$
. 72 , 3 $D$ $H_{j}(\delta, x)$
, $\tilde{C}$ 0.2, 0.4, 0.6, 0.8 , 3 $D$
.
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14: 3 :3 $D$ $H_{i}(\delta, x)$ . $\delta$ $1/f_{0}[\sec]$
.
8.2 3 $D$
72 , $Q_{j}$ 3 $D$
$H_{j}(\delta, x),$ $j=2,$ $\cdots,$ $M$ , 14 . 3 $D$
$H_{j}(\delta, x)$ . $H_{2}(\delta, x)$
$\delta_{2,k}=17/f_{0},0/f_{0},107/f_{0}$ 3 . $H_{3}(\delta, x)$
$\tilde{\delta}_{3,\overline{k}}=40/f_{0}$ 1 . $H_{4}(\delta, x)$ $\tilde{\delta}_{4,\tilde{k}}=33/f_{0}$
1 . $H_{5}(\delta, x)$ $\tilde{\overline{\delta}}_{5,\tilde{k}}=88/f_{0}$ 1
. 16 6 .
$\tilde{C}$ $1/f_{0}[\sec]$ 4
, 14 . 12 , 3 $D$
, (2, 1) $106.8/f_{0}$ (5, 1)
882/ . $N=4$ ,
.
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3 $D$ $H_{j}(\delta, x)$ $x$
$H^{1}(\delta)$ $H_{j}^{2}(x)$ .
$H_{j}^{1}( \delta)=\sum_{x}H_{j}(\delta,x)=\int H_{j}(\delta, x)dx$ ,
$H_{j}^{2}(x)= \sum_{\delta}H_{j}(\delta, x)=\int H_{j}(\delta, x)d\delta$ .
$H_{j^{1}}(\delta)$ . $H_{j^{1}}(\delta)$ , 4 $\tilde{\delta}_{\tilde{k}}$
, $f_{0}*\tilde{C}$ . 3 $D$
$H_{j}(\delta, x)$ $\delta=\tilde{\delta}_{j,\overline{k}}$
$H_{j}(\tilde{\delta}_{J,\tilde{k}}, x)$







72 , (7.3) $Q_{j}(\delta, t, \omega)$ . $C$
, $s_{k}$ $E_{C,k}$ .
, $(t, \omega)\in E_{C,k}$ $\delta=c_{j,k}-c_{1,k}=\tilde{c}_{j,k}$




, 3 $\delta$ $1/f_{0}$ ,
, $\delta=cj,k-c_{1,k}=\tilde{c}_{j,k}$
. , $\delta f_{0}$ $\tilde{c}_{j,k}f_{0}$ , $\delta=\overline{c}_{j,k}+\epsilon$ ,
$|\epsilon|\leq 1/(2f_{0})$ . $\delta$ $Q_{j}(\delta, t, \omega)$ ,
$Q_{j}( \delta, t,\omega)=\frac{\sum_{k=1}^{n}a_{j,k}S_{k}(t+\delta-c_{j,k},\omega)}{\sum_{k=1}^{n}a_{1,k}S_{k}(t-c_{1,k},\omega)}=\frac{a_{j,k}S_{k}(t-c_{1_{t}k}+\epsilon,\omega)}{a_{1,k}S_{k}(t-c_{1,k},\omega)}$ (8.1)
. . $f(t)$ $F(t, \omega)$ $\epsilon[\sec]$
$F(t+\epsilon, \omega)$ . $f(t)$ $\omega>0$ [Hz]
81
$f(t)=e^{i2\pi\omega t}$ , $\epsilon[\sec]$ , $f(t+\epsilon)=e^{i2\pi(\nu(t+\epsilon)}=e^{i2\pi\omega e}f(t)$
$2\pi\omega\epsilon$ [rad] ,
$F(t+\epsilon,\omega)\fallingdotseq e^{i2\pi\omega}$ ‘ $F(t, \omega)$ , $\omega>0$
. 3 , $\epsilon[\sec](|\epsilon|\leq 1/(2f_{0}))$
, .
28 , $F(t,\omega)$ $f(t)$
, $\omega>0$ [Hz] ,
$a=c[\hat{\psi}]/(2\pi\omega)>0$ ,
$F(t+ac[ \psi], \omega)=W_{\psi}f(t,a)=\frac{\sqrt{a}}{2\pi}\int_{\mathbb{R}}\hat{f}(\xi)\overline{\hat{\psi}(a\xi)}e^{it\xi}d\xi$ (8.2)
. , $\epsilon[\sec]$ ,
$F(t+ac[ \psi]+\epsilon, \omega)=W_{\psi}f(t+\epsilon, a)=\frac{\sqrt{a}}{2\pi}\int_{\mathbb{R}}\hat{f}(\xi)\overline{\hat{\psi}(a\xi)}e^{i(t+\epsilon)\xi}d\xi$ (8.3)
. 5 , , $K=10$ Ausher
$\psi(t)$ ,
$\hat{\psi}(\xi)$ , $supp\hat{\psi}\subset[A, C]$ . , $A=2\pi K^{2}/(2K+1),$ $C=$
$2\pi(K+1)^{2}/(2K+1)$ . 1 , $c[\hat{\psi}]\fallingdotseq 5.25*2\pi[rad/s]$
, $D=(A+C)/2$ ,
$C-A=2\pi$ . (8.2), (8.3) $\xi$ $\eta=a\xi-D$
, $\eta\in[-\pi, \pi]$ ,
$F(t+ac[ \psi], \omega)\fallingdotseq\frac{1}{2\pi\sqrt{a}}\int_{-\pi}^{\pi}\hat{f}(\frac{\eta+D}{a})\overline{\hat{\psi}(\eta+D)}e^{it_{a}^{g\llcorner D}}d\eta$,
$F(t+ac[ \psi]+\epsilon, \omega)\fallingdotseq\frac{1}{2\pi\sqrt{a}}\int_{-\pi}^{\pi}\hat{f}(\frac{\eta+D}{a})\overline{\hat{\psi}(\eta+D)}e^{i(t+e)\frac{\eta+D}{\alpha}}d\eta$
$= \frac{e^{i\epsilon\frac{D}{a}}}{2\pi\sqrt{a}}\int_{-\pi}^{\pi}\hat{f}(\frac{\eta+D}{a})rL^{D}-1$
. 3 , $e^{i\epsilon_{a}^{1}}$
. , $\leq 1/(2f_{0})=1/(2\cross 8820)[\sec]$ , $|\eta|\leq\pi$
. $\omega$ , 1000 [Hz] . ,
$| \frac{\epsilon\eta}{a}|=|\epsilon\eta\frac{2\pi\omega}{c[\hat{\psi}]}|<\frac{1}{2x8820}\cross\pi\cross\frac{1000}{5.25}=0.03393$
. , $e$ 1 ,
$|1-e^{j\epsilon_{a}^{f}}|<0.03393$
82
.$F(t+ac[\psi]+\epsilon, \omega)=.e^{i\epsilon\frac{D}{a}}F(t+ac[\psi], \omega)\fallingdotseq e^{i2\pi\omega\epsilon}F(t+ac[\psi], \omega)$
. , $D\fallingdotseq c[\hat{\psi}],$ $a=c[\hat{\psi}]/(2\pi\omega)$ . ,
8.1. 3 , .
$F(t+\epsilon,\omega)\fallingdotseq e^{i2\pi to\epsilon}F(t,\omega)$ . (8.4)
, $\epsilon\leq 1/(2f_{0})[\sec]_{f}\omega\leq 1000$ [Hz], $K=10$
Ausher .
(8.1) $Q_{j}$ 8.1 .
8.2. $(t, \omega)\in E_{C,k}$ , $\delta=\tilde{c}j,k+\epsilon,$ $|\epsilon|\leq 1/(2f_{0})$
,
$Q_{j}( \delta,t,\omega)=\frac{a_{j,k}S_{k}(t-c_{1_{l}k}+\epsilon,\omega)}{a_{1,k}S_{k}(t-c_{1,k},\omega)}\fallingdotseq\frac{a_{j,k}}{a_{1,k}}e^{i2\pi\omega\epsilon}$ (8.5)
. ( $\delta$ $1/f_{0}$ .)
8.4
82 3 $D$ $H_{j}(\delta, x)$ , $Q_{j}(\delta, t, \omega)$
$(t, \omega)$ . , 82 (8.5) $\epsilon=0$
. , 14 3 $D$ , $\epsilon=0$ $1/f_{0}$
.
, $Q_{j}(\delta, t,\omega)$ (8.5) , $Q_{j}(\delta, t,\omega)\fallingdotseq(a_{j,k}/a_{1,k})e^{i2\pi\omega\epsilon}$
, $\delta$ $(t, \omega)$ . (8.5) $Q_{j}(\delta, t, \omega)$
$\omega$ [Hz] ,
, $H_{j}(\delta, \omega, \theta)$ . ,
$\overline{\delta}_{j,\overline{k}}$ $N$ .
8.3. $\overline{\delta}_{j,\overline{k}}$ $N$ .
1. $1/f_{0}[\sec]$ $\delta[\sec]$ $\omega$ [Hz] $\theta$ [rad]
, $t$
$H_{j}(\delta,\omega, \theta):=\#\{t;\arg(Q_{j}(\delta, t,\omega))=\theta\}$ , $j=2,$ $\cdots,$ $M$
($\arg z$ $z$ ).
83
2. $\delta$ , $\omega-\theta$ $H_{j}(\delta,\omega, \theta)$
.
3. $\delta$ , , $\omega$
$\theta=0$ [rad] $\overline{\delta}_{j,\tilde{k}}$




83 , $Q_{5}(\delta, t,\omega)$ $H_{5}(\delta,\omega, \theta)$
$\delta=85/f_{0},86/f_{0},87/f_{0},88/f_{0},89/f_{0},90/f_{0}$ 15 .
$\omega$ , $\delta=88/f_{0}$ $0$
. , $\overline{\delta}\fallingdotseq 88/f_{0}$
( $\delta=88.2/f_{0}$ ). , $\delta=90/f_{0}$
, 1000 [Hz] $\pi$
. $\delta=94.4/f_{0}$ .
$H_{j}(\delta, \omega, \theta),$ $j=2,$ $\cdots,$ $M$
$\theta=0$ [rad] 4 , $N=4$
. $j=2,$ $\cdots,$ $M$ ,
, $\overline{\delta}_{j,\tilde{k}},\tilde{k}=1,$ $\cdots,$ $N$ ,
$\overline{\Delta}=\frac{1}{f_{0}}(\begin{array}{llll}0 0 0 00 17 84 107-13 30 40 7233 50 68 84-18 61 88 94\end{array})$ (8.6)
. , $\overline{\Delta}$ 1 $0$




1. $\overline{\delta}_{J,\tilde{k}}$ , $H_{j}(\overline{\delta}_{j,\tilde{k}},\omega, \theta)$ .
.
2. $700\leq\omega\leq 1000$ [Hz] , $-0.1\pi\leq\theta\leq 0.1\pi$ [rad] ,
$\theta(\omega)$ . $(\omega, \theta(\omega))$
$(\theta=2\pi\epsilon\omega)$ $2\pi\epsilon$ 2 .
, 2 .
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15: 3: $Q_{5}$ $H_{5}(\delta, \omega, \theta)=\#\{t;\arg(Q_{5}(\delta, t, \omega))=\theta\}$
. $\delta=85/f_{0},86/f_{0},87/f_{0},88/f_{0},89/f_{0},90/f_{0}$.
3. 82 , ${}^{t}\delta=\tilde{c}j,k+\epsilon’$’ .












$0_{0}$ 0.5 1 1.5 2 2.5
$x$




5. $|Q_{j}(\overline{\delta}_{j,\tilde{k}}, t, \omega)|$ . , $x$ ,
$H_{j}^{Line}(x):=\#\{(t,\omega)\in E_{j,\tilde{k}}$ ; $|Q_{j}(\overline{\delta}_{j,\overline{k}}, t, \omega)|=x\}$ .
6. $H_{j}^{Line}(x)$ $x$ $\tilde{b}_{j,\tilde{k}}$
.
86. $j=2$ $\delta_{2,k}$ $b_{2,k}$ $\sim$ .
83 , $H_{5}(\delta, \omega, \theta)$ $\delta$
, $N=4$ , $\overline{\delta}_{6,\tilde{k}}=-18/f_{0},61/f_{0},88/f_{0},94/f_{0}$
86
17: 3: $H_{5}(\delta, \omega, \theta)$
$H_{5}^{Line}(x)(\delta=88/f_{0},94/f_{0})$ .
. 85 , $\tilde{\delta}_{6,\overline{k}}$
$\tilde{b}_{5_{1}\tilde{k}}$ .
85 1. , $\overline{\delta}=-18/f_{0}$
$H_{5}(\delta, \omega, \theta)$ , 16 .
, , 2 $(\theta=2\pi\epsilon\omega)$ $\epsilon$
. , 16
$\omega\geq 700$ Hz . $\epsilon=-0.391/f_{0}$ .
, , $\tilde{\delta}_{5,\overline{1}}=-18/f_{0}-\epsilon=-17.609/f_{0}$ .
$\tilde{\delta}_{5,\overline{1}}$
$\tilde{b}_{6,\tilde{1}}$ . 4.
, $Q_{5}(-18/f_{0}, t, \omega)$ $E_{5,\overline{1}}$ ,
5. , $H_{5}^{Line}(x)$ 16 .
6. $H_{5}^{Line}(x)$ $x$ ,
$\tilde{b}_{5,\overline{1}}=1.405$ .
87
10: 3: 85 .
$j=5$ 3 $\overline{\delta}_{5,\overline{k}}=61/f_{0},88/f_{0},94/f_{0}$ ,
85 , , 16 17
. $j=2,3,4$ , 85
, , 10 .
, $MxN$
. , $j=2,$ $\cdots,$ $M$
87 .
87. , 2 $\delta_{2,k}$
$b_{2,k}$ $i$ $\tilde{\delta}_{j,\tilde{k}}$ $\tilde{b}_{j,\tilde{k}}$ .
1. 85 4.
$E_{2_{7}k}$ , $|Q_{2}(\overline{\delta}_{2,k}, t,\omega)|$
$(t,\omega)$ 1000 ,
$Y_{k}:=\{(t, \omega);\arg(Q_{2}(\overline{\delta}_{2,k}, t, \omega))=2\pi\epsilon\omega,$ $|Q_{2}(\overline{\delta}_{2,k}, t, \omega)|=b_{2,k}$, 1000 $H_{1\backslash }\}$
. , $H_{2}^{Line}(x)$ $b_{2,k}$
.
2. $i\geq 3$ , $|Q_{j}(\overline{\delta}_{j,\overline{k}}, t, \omega)|$ $(t, \omega)\in Y_{k}$
.
$\#\{(t,\omega)\in Y_{k};|Q_{j}(\overline{\delta}_{j,\tilde{k}}, t,\omega)|=\tilde{b}_{j,\tilde{k}}\}$ .
S. $\tilde{\delta}_{j,\tilde{k}}$ $\delta_{j,k}$ , $\tilde{b}_{l,\tilde{k}}$
$b_{j,k}$ $k$ .
88
11: 3: 87 ,k $\tilde{b}_{j,\tilde{k}},$ $j=3,$ $\cdots,$ $M$ .
4. $\Delta=(\delta_{j,k})$ $B=(b_{j,k})$ . , $\Delta$ 1
$0_{f}B$ 1 1 .
87 , $j=2$ $\delta_{2,k}$ $b_{2_{t}k}$
$i\geq 3$ $\tilde{\delta}_{J,\tilde{k}}$ $\tilde{b}_{j,\overline{k}}$ , 11 .
, 2. . , $b_{2,1}$ t $\tilde{b}_{3_{1}\tilde{2}}$ ,
$\tilde{b}_{4,\tilde{4}}$ , b
$\sim$




$B$ 1, 2, 3, 4 , $\tilde{A}$ 3, 4, 2, 1
. 2
. $\Delta$ ,
$\Delta=-$$f_{0}1(\begin{array}{llll}0.00 0.00 0.00 0.000.00 17.00 84.20 106.7929.79 -12.81 71.83 40.0084.19 68.19 50.40 32.9961.20 94.39 -17.61 88.19\end{array})$ , $\tilde{C}=\frac{1}{f_{0}}(\begin{array}{llll}0.0 0.0 0.0 0.0l06.8 84.2 0.0 17.040.0 7l.8 29.8 -12.833.0 50.4 84.2 68.288.2 -17.6 61.2 94.4\end{array})$
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18: 3: $\sigma(t)$ .
. $\tilde{C}$ .
$\Delta$ 1, 2, 3, 4 , $\tilde{C}$ 3, 4, 2, 1
. 1 .
8.5
73 , Mellin-Pachter-Raquet [23]
,
$P_{\overline{s}_{1}}=$ $(-1.0002,20008)$ , $P_{\tilde{\delta}2}=(-2.0020, 0.4987)$ ,
$P_{\overline{\epsilon}a}=$ (2.0014, 0.9989), $P_{\tilde{S}4}=(-0.0019, -0.9951)$
, 18 . 9
, 3 .
$P_{\overline{s}_{k}}$ , 1 1 $=(0,0)$
. $V$ , 1 $c_{1,k}$ $d_{1,k}$
. $D=(d_{j,k}),$ $d_{j,k}=d_{1,k}+\delta_{j,k}$ ,




$C= \frac{1}{f_{0}}(\begin{array}{llll}26.8 59.8 59.8 55.0133.6 144.0 59.8 72.066.8 131.6 89.6 42.259.8 110.2 144.0 123.2115.0 42.2 12l.0 l49.4\end{array})$
. $D$ 1, 2, 3, 4 , $C$ 3, 4, 2, 1
. $d_{1,4}=26.5976/f_{0}$ $c_{1,1}=26.8/f_{0}$
, $P_{x_{0}}=(0,0)$ $P_{s_{1}}=(0, -1)$ $ri,i/V=133.64/fi[\sec]$
: $1/fi$ $134/fi=26.8/f_{0}[\sec]$ . ,
$P_{\tilde{s}4}=(-0.0019, -0.9951)$ 0.9951 ,
$26.5976/f_{0}[\sec]$ . , $1/fi$
.
8.6
3 , 2 (7.5)
. ,
$x_{j}(t)= \sum_{k=1}^{N}b_{j,k}\sigma_{k}(t-\delta_{j,k})$ , $j=1,2,$ $\cdots,$ $M$.
, , (7.6) . ,
$\hat{x}_{j}(\xi)=\sum_{k=1}^{N}b_{j,k}e^{-i\delta_{j,k}\xi}\hat{\sigma}_{k}(\xi)$ , $j=1,2,$ $\cdots,$ $M$.
7.4 , $\delta_{j,k}$ $1/f_{0}[\sec]$
, $\delta_{j,k}$ ,
3 .




, $k$ , 1
1/5 $\tilde{\sigma}_{k}(t),$ $k=1,$ $\cdots,$ $N$
. , $\sigma(t)$ $\tilde{\sigma}(t)$ ,
12 . 3 , 6 .
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, $\theta$ [rad] $2\pi$ , 16 17
. $\omega$ [Hz]
, $\delta$ . ,
$\delta$ . , 16 $\delta=-18/f_{0}$
, $\delta$ .
, $\delta$
. 16 $\delta=61/f_{0}$ , 1
2 , $\delta=61/f_{0}$ (2
$)$ .
, 17 $\delta=94/f_{0}$ ,
$\tilde{\delta}=88.2/f_{0}$ .
, 85 , 19 ,










, . , 7.4 $[\sec]$
, 1 280 $[\sec]$ ,
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19: 3: $H_{5}(94/f_{0}, \omega, \theta)$
( ), $H_{5}^{Line}(x)(\delta=94/f_{0})$ .
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